Objective. Given the tremendous growth in assisted living (AL) over the past 20 years, it is important to understand how expansion has affected the demand for long-term care (LTC) provided in nursing homes (NHs). We estimated the effect of a change in county-level AL beds on the prevalence of private-pay residents and privatepay resident days at the NH-level. Data Sources. National census of large AL providers (25+ beds), and Minimum Data Set combined with Medicare enrollment records and claims from 2007 and 2014. Study Design. Retrospective longitudinal analysis of LTC markets. Principal Findings. Mean AL beds per county increased from 285 to 324, while NHs exhibited a decrease in private-pay residents (20.1 to 17.7 percent) and resident days (21.3 to 17.5 percent). An increase of 1,000 AL beds at the county level is associated with a reduction of 0.44 percentage points in privatepay resident days but is not significantly associated with percent of private-pay residents. Conclusions. These results suggest that increases in AL capacity have potentially allowed NH residents to delay or decrease their privately financed lengths of stay. As demand for AL continues to grow, it will be important to assess the effects on other LTC sectors. Key Words. Assisted living, nursing home, long-term care
. The AARP Public Policy Institute reports that the number of licensed AL beds in the U.S. increased from an estimated 1,224,982 in 2010 to 1,304,347 in 2013. The prevalence of AL beds varies considerably across geographic locations, ranging at the state level from 11 (NV) to 125 beds (MN) per 1,000 residents aged 65+ in 2013 (AARP Public Policy Institute (2017) . Given this increase and geographic variability, it is important to understand the effect this expansion has had on the demand for other types of LTC, specifically that provided in nursing homes (NHs) .
In this paper, we examine the association of the growth of AL in recent years and concurrent changes in NH utilization. Thus far, research in this area has been limited primarily due to data limitations. One study found that an increase in AL capacity in 13 states between 1993 and 2007 was associated with a decline in private-pay NH occupancy (Grabowski, Stevenson, and Cornell 2012) . However, this initial study was limited in scope (only measuring changes in 13 states because of the availability of longitudinal AL data) and in its definition of private-pay NH occupancy (utilizing a point-in-time measure of the count of private-pay residents only available annually per NH). A second study examined the state of Ohio from 1993 to 2007 and found that expansion of AL within a market increases concentration of the NH market, but does not affect NH pricing (Bowblis 2014) . These initial findings suggest that AL capacity has a modest but significant impact on who uses NH care and how it is financed.
Building on this research, we will improve our ability to identify the effect of the changing AL bed supply in various markets, nationally, on the market for NH care with an innovative measure that uses resident-level data to capture the number of private-pay NH days. A better understanding of the effect of the AL market on other sectors of LTC, namely NH private-pay occupancy and length of stay, is expected to result.
Conceptual Framework
Our conceptual framework was derived from past work by Grabowski and colleagues and the standard economic model of LTC utilization (Pezzin, Kemper, and Reschovsky 1996; Grabowski, Stevenson, and Cornell 2012) . This model describes utilization of a particular type of LTC as a function of the cost of the care and an individual's means, preferences, and medical needs or functional impairments. Prior to the introduction of AL, the decision faced by an individual needing LTC was whether to obtain those services at home or in a formal NH setting. Because medical and functional needs generally increase over time and until death, we expect that on average, older, more impaired individuals would be more likely to demand the more comprehensive NH setting. However, NH residence is often less desirable to those needing LTC because it is more limiting when compared with the comfort and independence of one's home (Goda, Golberstein, and Grabowski 2011) . NH residence is also quite costly when paid for out-of-pocket, though Medicaid covers residence in a NH for the majority of low-income individuals and those who have spent down their assets (Kaye, Harrington, and LaPlante 2010; Grabowski, Stevenson, and Cornell 2012; Wiener et al. 2013 ). This overall reduction in utility associated with NH residence may lead individuals to delay transitioning to a NH beyond a point that strikes an ideal balance of comfort, cost, and health.
The introduction of AL into the market for LTC may offer many individuals a desirable new alternative. From a cost perspective, AL offers a lower cost form of residential LTC when compared with NH residence for those individuals paying out-of-pocket for their care. Although costs are generally higher than continuing to live at home, a number of services and supports become available without a substantial reduction in comfort or independence. This combination can allow many individuals to postpone transitioning to a NH for a longer period while receiving an increasing level of LTC services. In addition, it can provide an alternative setting for residents discharged from NHs. Thus, we expect that individuals whose medical and financial circumstances allow would elect to reside in an AL community instead of a NH.
We envision two specific scenarios where this may occur. First, community-dwelling individuals who experience an acute event followed by postacute care and are no longer able to return to living in the community may transition to AL after completing rehabilitation. Second, AL may serve as a bridge between community residence and NH-based LTC as function begins to decline. In both cases, we expect that the effect will be concentrated on individuals whose LTC is privately financed (i.e., not covered by Medicaid), as the (Stevenson and Grabowski 2010; Grabowski, Stevenson, and Cornell 2012; Thomas et al. 2018) . In 2012, these constituted approximately 41.4 percent of all AL communities in the United States, and 82.2 percent of AL beds (Harris-Kojetin et al. 2013) . Two states, Indiana and Tennessee, were excluded due to inconsistent AL data between the years that we were unable to reconcile. Consistent with our previous work examining the market for LTC, we used county boundaries to define each market (Banaszak-Holl, Zinn, and Mor 1996; Grabowski and Hirth 2003; Grabowski 2008; Stevenson and Grabowski 2010; Grabowski, Stevenson, and Cornell 2012; Thomas et al. 2013) . Market-level characteristics were drawn from publicly available data from the U.S. Census Bureau.
Nursing Home Data
Data on NH utilization came from the Residential History File (RHF), which is comprised of information from the Minimum Data Set, the Medicare Master Beneficiary Summary File (MBSF), and Medicare claims (Intrator et al. 2011) . Additional NH data were also incorporated from Long-Term Care: Facts on Care in the U.S. (LTCfocUS.org), which is derived, in part, from the Online Survey Certification and Reporting (OSCAR) database and the Minimum Data Set (Brown University School of Public Health 2011).
Sample Characteristics and Variables of Interest
We included 14,993 NHs operating in 2007 and 14,569 NHs operating in 2014. These facilities were located in 2,735 and 2,744 counties, respectively. Our outcome variables of interest were the percent of residents in the NH who were private-pay during each calendar year (2007 and 2014) , and the percent of resident days in each NH in the calendar year that were privately financed. We estimated NH-level private-pay utilization with our RHF methodology as described and validated by Thomas and colleagues (Thomas et al. 2017) . This methodology identifies the percent of total NH days for Medicare beneficiaries in each facility that were privately paid using the following logic: Private-pay NH days were NH days that are neither covered by the Medicare Skilled Nursing Facility benefit (as identified by Medicare inpatient claims dates) nor a time period when a resident was dually eligible for Medicare and Medicaid (as indicated by the monthly flag in the Medicare Master Summary Beneficiary file). For Medicare Advantage beneficiaries, after day 100 of a consecutive NH stay, we assumed that the SNF benefit had ended for these residents. If they were not dually eligible, then we assumed that they converted to private-pay. We aggregated these values to the NHlevel and constructed a private-pay resident prevalence rate on the first Thursday in April in 2007 and 2014. We also calculated the percent of resident days in the NH during the calendar year that were privately financed. Our primary independent variable was the number of AL beds in the county (market). We controlled for NH fixed effects and several time-varying market-level characteristics including: median household income (inflation adjusted to 2014 dollars), the percent of residents who were white, the number of residents aged 65 or over, the number of NH beds in the county, and the percent of Medicare beneficiaries in the county who are dually eligible for Medicare & Medicaid.
Analyses
We estimated the effect of a change in market/county-level AL capacity (beds) on private-pay NH utilization at the NH-level using ordinary least squares regression with two-way (NH and year) fixed effects. We conducted two analyses, one estimating the effect of AL capacity on the percent of private-pay residents in the NH, and one estimating the effect on the percent of privately paid resident days. To do this, we specified the following model:
where i represented a NH in county c at time t (month/year). Therefore, c t represented the year fixed effect, d i represented the county fixed effect, and bALF ict represented the within county effect of a change in county-level AL capacity (beds) on the NH-level rate of private-pay utilization. The a ict represented the constant, and ɛ ict was the error term. The t 0 ct in our model represented our market-level control variables. The two-way fixed effects model controls for all time-invariant NH-level and market-level characteristics. We also clustered standard errors at the county level. Coefficients in this model should be interpreted as the change in the outcome in percentage points associated with a one unit increase in the covariate.
Sensitivity Analyses
To test the robustness of our findings, we conducted a falsification test in which we estimated NH-level Medicare-financed utilization (i.e., under the benefit for postacute, rehabilitative skilled nursing facility care), including the prevalence rate and the percent of resident-days as dependent variables private-pay. Following the example of past work (Grabowski, Stevenson, and Cornell 2012) , we hypothesized that care covered by the Medicare postacute care SNF benefit would not be affected by changes in the AL market because AL is not a substitute for postacute care, and any relationships observed could be evidence of endogeneity in our measure of AL supply. All analyses were conducted using the "areg" function of Stata 15.
RESULTS

Descriptive Analyses
Descriptive characteristics of NHs and markets are shown in Table 1 . AL capacity varied widely across counties; but, we observed an overall increase in the mean capacity from 285 (standard deviation = 954) to 324 (standard deviation = 937) beds. Among NHs, the average percent of private-pay residents and private-pay resident days decreased significantly (p < .001): the percent of private-pay residents decreased from 20.1 percent in 2007 to 17.7 percent in 2014, and the percent of resident days that were private-pay decreased from
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21.3 to 17.5 percent over this time period. At the market level, inflationadjusted median household income significantly decreased from $49.5 thousand to $47.2 thousand (p < .001) over this time period. The percent of the county's Medicare beneficiaries dually eligible for Medicare and Medicaid significantly decreased from 16.2 to 14.0 percent (p < .001). The total population aged 65 years and older increased during this period (p = .006). The mean total NH beds decreased slightly, but this change was not statistically significant.
Main Models
Results from our multivariate analyses suggest that change in AL capacity was associated with a modest reduction in the proportion of private-pay residents that was not statistically significant. However, our results examining the relationship between AL capacity and private-pay NH days suggest that an increase of 1,000 AL beds at the county-level is associated with a reduction of 0.44 percentage points in private-pay resident days (95% CI = À0.71 to À0.17) (See Table 2 ). This translates to approximately 1,932,063 NH person-days over this time period, or 276,009 per year, nationally. Importantly, although we observe an overall significant increase in AL capacity nationally, the level of increase varied widely across markets. Over time, there was an independent decrease of 1.9 percentage points (95% CI = À2.4 to À1.3) in private-pay residents, and a 2.9 percentage point decrease (95% CI = À3.4 to À2.5) in private-pay resident days. Higher median household income was associated with greater private-pay NH residents (0.2 percentage points, 95% CI = 0.1 to 0.3) and private-pay NH days (0.2 percentage points, 95% CI = 0.1 to 0.3). County percentage of white residents was not associated with percent of private-pay NH residents or resident days. County percentage of residents who were dually eligible for Medicare and Medicaid was significantly associated with both private-pay residents (À0.1 percentage points, 95% CI = À0.2 to À0.1) and resident days (À0.2 percentage points, 95% CI = À0.2 to À0.1). Total residents over age 65 years (in thousands) exhibited a small but significant association with both outcome measures, and total NH beds (in hundreds) was associated with private-pay resident days (0.1 percentage points, 95% CI 0.0 to 0.1). 
Sensitivity Analyses
The results of our falsification test suggested that AL capacity was not significantly associated with either measure of Medicare-financed NH utilization (see Table 3 ). Although the share of Medicare-financed residents (0.5 percentage points, 95% CI = 0.1 to 1.0) and resident days (1.1 percentage points, 95% CI = 0.8 to 1.5) increased nationally over our study period, time-varying county characteristics exhibited few significant relationships with our outcome measures.
DISCUSSION
Understanding the effect of the AL supply on alternative LTC options, such as NHs, will inform how to better prepare the LTC market for the expected increases in demand for LTC over the next 25 years (Hagen 2013 ). While we did not observe a statistically significant association between increases in AL capacity and the percent of private-pay NH residents, we did observe a decrease in the percent of privately financed NH days of care. This suggests that although the percent of private-pay residents in NHs may not have changed as AL capacity increased, there was a reduction in the amount of time that these residents paid privately for their NH care. Specifically, we found that a Our finding that the percent of private-pay residents in NHs was not affected by the change in AL capacity contrasts past work that found a 10 percent increase in market-level AL capacity corresponded to a 1.4 percent reduction in NH private-pay occupancy at the mean (Grabowski, Stevenson, and Cornell 2012) . Several factors may have contributed to this difference in results: first, we utilized a national sample for this work whereas the previous study only examined changes within thirteen states. Second, we examined changes over a different period of time (2007-2014 vs. 1993-2007) and used a different data source for our measure of private-pay NH utilization. However, our robustness check agreed with past work finding that there was no association between market-level AL supply and Medicare-financed NH utilization, suggesting that the AL expansion that we observed is not endogenous with changing market demands.
We hypothesize several possible drivers of our finding that increases in AL capacity reduces the percent of privately financed NH days. Our results suggest that AL could be allowing individuals to reside in these settings as their function begins to decline, thereby postponing (or possibly eliminating, depending on the level of functional decline prior to death) their use of NH care. It is also possible that individuals recovering from an acute event who are no longer able to live at home at the completion of their postacute rehabilitation are transitioning to AL instead of remaining in the NH. In addition to examining the influence of increasing AL supply on individuals' LTC trajectories, future research is needed to understand additional mechanisms behind the decline witnessed in private-pay NH days that were not accounted for in this study (e.g., changes in health and functioning, availability of additional long-term services and supports, expanded informal supports).
When interpreting our findings, it is important to note that although individuals may choose AL rather than a NH, AL is not a care delivery substitute for NH. Unlike NHs, ALs are neither federally regulated nor federally funded, thereby precluding any standardization in staffing, quality, and the types of services that must be provided to residents. Therefore, ALs vary substantially in their cost, amenities, and ability to care for residents with complex medical conditions or severe functional limitations. Future research is needed to better understand the role of AL expansion in diverting or decreasing the length of private-pay NH stays as well as the potential impact receiving LTC Increasing Prevalence of Assisted Livingin an AL can have on individuals who might have previously utilized privately financed NH care.
Our results have important implications for the future of the LTC market. As demand for LTC shifts from NHs to the less expensive, less restrictive, and often more preferred form of LTC provided in AL (Pezzin, Kemper, and Reschovsky 1996; Goda, Golberstein, and Grabowski 2011; Grabowski, Stevenson, and Cornell 2012) , NHs will have to adjust. Private-pay residents tend to be the most lucrative for NHs; therefore, many facilities prefer to admit privately financed residents when possible, often resulting in a documented difference in NH quality (Grabowski, Angelelli, and Mor 2004; Konetzka et al. 2004; Grabowski, Gruber, and Angelelli 2008; Cai et al. 2015) . A reduction in the demand for private-pay NH residence may result in greater prevalence of Medicaid-financed residents in NHs, which has been often linked to lower quality of care (Grabowski, Angelelli, and Mor 2004; Konetzka et al. 2004; Grabowski, Gruber, and Angelelli 2008; Cai et al. 2015) . Furthermore, the reduction in privately financed days of care may result in a decreased profitability of NHs and potential facility closures. Future work considering supply and demand characteristics is needed to ascertain if increases in the AL market directly affect the profitability of NHs, their behavior, and residents' outcomes.
Limitations
Our work is subject to several limitations. First, our RHF methodology for identifying privately financed NH utilization relies primarily on excluding residents and days that could be identified as covered by another payer (e.g., Medicare, Medicaid). It is therefore possible that our measure of private-pay utilization included other payers such as the U.S. Department of Veterans Affairs or private LTC insurance companies. In addition, we only account for large, licensed AL communities across the U.S., but there may be smaller or unlicensed facilities affecting the LTC market in ways we do not observe. We are also unable to account for the effects of other types of LTC such as home and community-based services or informal care provided by family members, which may play an important role in the shifting market for LTC services. As such, it is possible that AL supply is endogenous in our models. That is, some unobserved, time-varying market-level factor may be correlated with both AL supply and private-pay NH utilization. However, our analysis of Medicarefinanced NH utilization showed no significant relationship with changes in AL supply, which could have indicated such endogeneity with overall changes in market demand.
We are also limited by the AL data that are available. For example, we do not have data on ALs' occupancy rates. Data from the National Survey of Residential Care Facilities suggest 13 percent of facilities are at 95 percent occupancy or greater, 36 percent operate between 80 percent and 95 percent occupancy, 27 percent between 65 and 80 percent occupancy, and 23 percent are operating at <65 percent occupancy (Park-Lee et al. 2011) . Therefore, we feel confident that our measure of AL bed supply is appropriate for capturing the capacity of the industry in providing an alternative to NH placement for private-pay residents. However, our results should be interpreted as the effects of a change in AL supply, not changes in AL utilization. In addition, we were only able to examine two points in time, the years for which we had a complete census of AL communities. Examining additional years could yield additional insights.
It is important to note that the observed relationship between AL supply and privately financed NH utilization is small in the context of overall reductions in the NH sector. In addition, very few markets experienced an increase of 1,000 AL beds, a value we selected to make our coefficients easier to interpret. We view this as indicative of AL supply playing a small but important role in NHs' shift in resident payer composition. Also, the county may be an imperfect measure of market area for LTC. As previously noted, we selected the county following the example of past work, but future efforts could consider different market-based measures (e.g., within 15 miles of the NH). Finally, this work does not consider the drivers behind the expansion in AL supply, an area that is ripe for future research. Despite these limitations, our study is the first to use national data to suggest that increases in AL supply, controlling for temporal trends and market characteristics, are associated with reductions in the length of privately financed NH care.
CONCLUSION
In conclusion, our results suggest that as market-level supply of AL has increased over the past decade, a modest but statistically significant corresponding decrease in privately financed NH utilization has occurred across the United States. In markets where AL capacity has increased, we found a reduction in the proportion of NH days that were paid for privately by residents. As demand for AL continues to grow, it will be important to assess the spillover effects on other Increasing Prevalence of Assisted Livingsectors of LTC, including the subsequent effect on NHs' operational structure, processes of care, and residents' outcomes.
